INTRODUCTION
Recently many investigations have been focused on niobium-based alloys with respect to their potential abilities and, in particular, for superconducting or high temperature applications. The main problem that arises is their preparation, since they have a very high melting point and are rather sensitive to oxidation. Niobium has a strong affinity for carbon and oxygen; however, the amount of these interstitial solutes must be limited in order to insure sufficient ductility of the niobium solid solution. The purpose of the present study is to give experimental information on the niobium-rich corner of the Nb-O-C phase diagram.
The information available in the literature is first the binary diagrams of both Nb-C /II and Nb-O 121. The phases involved in the solid-liquid equilibria are Nb, NbC, Nb2C, Nb02, Nb205 and C graphite. The same phases have been found in the ternary system, and it has been shown that the complex oxicarbides cover a large domain in the phase fields based respectively on NbC and Nb2C. The first study was carried out on samples sintered at 1650 and 1700°C 131 by X-ray experiments. A more recent investigation was focused only on the extent of the NbC-based phase and carried out on samples sintered at 1500°C 141. A process involving the reduction of Nb205 and Nb02 by graphite has been used to obtain a controlled mixture of oxicarbides at 1000°C 151.
EXPERIMENTAL PROCEDURE

Preparation
The alloys were prepared by reduction of niobium Nb205 by graphite in an induction furnace. During this
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process two stages have to be considered: The first stage corresponds to the transformations Nb205 + C-»Nb02 + NbC+C-»NbO+NbC and formation of CO. These reactions are very readily and strongly exothermic. They may occur at atmospheric pressure. The second stage corresponds to the formation of niobium, occurs at a slow rate and is facilitated by an increase in temperature. A low CO pressure is necessary for this reduction: p co < 10" 2 atm at 2000°C, the temperature used in our experiments. Four alloys were prepared in this way (Table 1 ). In the case of alloys A and B, only the first stage was carried out. In the case of alloys C and D, the presence of massive blocks of niobium, totally molten, shows that the second stage of the process was attained. The composition of the resulting alloys cannot be deduced from the initial global composition since carbon and oxygen are lost in the formation of CO. However, the four resulting alloys have been chosen in different ranges of composition in order to explore different phase fields (Fig. 1 ).
Characterization
Optical micrography was carried out on polished sections. The samples were observed with a scanning Nb atomic percent representation.
electron microscope (SEM). Phase analyses were conducted with a Cameca SX50 electron microprobe, using an accelerating voltage of 15 kV. Results were treated with the application of a PAP model of the ZAF correction program (atomic number Z, Absorption and Fluorescence).
A crystallographic identification of the phases was done by X-ray analysis performed with &Θ-2Θ Siemens diffractometer apparatus.
RESULTS
For each type of alloy we present the results concerning the phases, their composition and their morphology. All the phases that we identified had already been observed and crystallographically characterized in one of the binary systems. The crystallographic features of all the phases have been reported in Table 2 .
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The respective compositions indicated are presented in Tables 3, 4 , 5 and 6. When the size of the particles is too small to be analyzed accurately, an approximate composition is indicated by a star. 
Alloy A
Due to the extreme reactivity of the initial mixture for this alloy, the sample could not be kept at a high temperature for a long time, and consequently, the distribution of the phases was not very homogeneous. Nevertheless, the samples showed essentially coarse Nb2C type primary carbides and in particular areas a typical eutectic structure (Fig. 2) .
Alloy Β
The micrograph shows primary dendrites of niobium carbide with white niobium-rich striations (the origin of which is explained in the discussion). X-ray diffraction analysis indicates both Nb2C and NbC phases. In the interdendritic groove, three phases are observed corresponding to the ternary eutectic NbO/Nb/Nb2C type oxicarbide. The structure of this eutectic will be discussed in the next section.
Alloy C
The microstructure of Alloy C is presented in Fig. 4 . The white phase is niobium solid solution which forms as primary dendrites. These dendrites are surrounded by a rim constituted of niobium oxicarbide (grey phase) and niobium oxide (dark phase). In the interdendritic groove, a ternary eutectic has solidified.
Alloy D
This alloy has the highest niobium content in this series of alloys, and, in fact, the matrix (Fig. S) is formed by the niobium solid solution. The melt was not kept at a high temperature for a long time and probably the dissolution reaction was not completed. On the micrograph faceted blocks of oxide and oxicarbide can be observed. These phases were formed at the early stage of the process at relatively low temperature with a very exothermic reaction. In such conditions of formation, the compounds are too refractory to be melted in the liquid. A typical eutectic structure is shown on Fig. 5 , with niobium as matrix and Nb2C rods.
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DISCUSSION AND CONCLUSIONS
The phase fields of oxicarbides have been determined at about 1500°C by Alyamovskii et al. 131 and Zainulin et al. /4/, respectively; they are presented in Fig. 6 . For Alloy B, whose composition is in the Nb2C phase field, we found both carbides NbC and Nb2C. This may be explained by the formation of primary NbC at a higher temperature (2000°C) than the one used in previous investigations. The micrograph on Fig. 3 shows primary niobium carbide dendrites. At lower temperature, during the cooling process, NbC undergoes two decompositions: first into Nb2C and then into Nb2C and Nb, which appear as white striatums. Considering that solidification of Alloy Β occurs at 2000°C, at this temperature the NbC phase occupies a large phase field overlapping the Nb2C phase field. This observation is consistent with the binary phase diagram.
Both authors /3,4/ have determined the lattice parameters at 1500°C for 14 compositions of NbC. Ouensanga et al. 151 have also determined the lattice parameters at 1017°C; but most of their alloys contain two phases, and, consequently, the value of the parameter cannot be attributed to a particular composition. With the 14 values we calculated a polynomial first-order representation after smoothing the experimental values by a least square treatment.
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a^ =0.44899 +0.00052-50) + 0.0002967 *Xo X c and XQ being the respective atomic percent contents. The crystallographic structure of NbC is formed from two cubic NaCl type sublattices: one sublattice being occupied by the metallic atom and the other one by C or Ο atoms. The occurrence of vacancies on the niobium site explains why some compositions of NbC have less than 50% atoms Nb. From the above relationship it appears that the substitution of a carbon by an oxygen atom results in a decrease of the lattice parameter. This decrease has to be attributed to an electronic effect since a steric effect would lead to an increase of the lattice parameter.
A projection of the Nb-rich liquidus can be deduced from a discussion of three particular microstructures. The first one is the eutectic structure in Alloy A. Only two phases, NbO and Nb02, are observed (Fig. 2) , each of them with a very small amount of carbon. The structure suggests a binary eutectic. However, the eutectic is probably ternary with an NbC type oxicarbide. We have plotted the three phases and the global composition determined for this eutectic in Fig. 7 . Taking into account the location of the global composition in the triangle of tie-lines, it appears that in any case there is very little NbC oxicarbide.
The second eutectic structure is obviously a threephase structure containing Nb/Nb2C/NbO. The major phase is NbO, which constitutes the matrix. This observation is consistent with the estimated tie-lines at the eutectic temperature in Fig. 7 .
For Alloy C we propose a mechanism explaining the formation of the two-phase fringe (Fig. 8) . The primary phase is niobium. The second stage of solidification is the formation of the Nb2C oxicarbide border. This process of solidification implies that the monovariant line between Nb and Nb2C is peritectic in nature in this range of compositions. At lower temperatures the oxicarbide becomes supersaturated with respect to C and Ο contents. Then it undergoes a solid-state decomposition into NbO and Nb2C oxicarbide. Taking into account all these findings, we propose a projection of the liquidus surface (Fig. 9) . Between the monovariant line joining the two three-phase eutectic, there is probably a saddle point. In this case the section between NbO and NbC would be a quasi-binary section, which is not surprising, since both are very strongly bonded compounds.
